The study of fish diet and its interaction with the environment provides important data on ecology and behavior, as fish face varying environmental and food availability conditions. The aim of the present study was to determine the diet of Bryconops caudomaculatus and Bryconops alburnoides, as well as to assess its seasonal variation, within the area influenced by Balbina Hydroelectric Dam (BHD), in the Uatumã River (Amazon Basin, Brazil). Collections were carried out every two months from April 2005 to February 2007, using gill nets with mesh sizes ranging from 12 to 60 mm between opposite knots. Two methods were used for determining diet: frequency of occurrence and relative volume, which were used to calculate the alimentary index (IAi). Diet similarity between species was analyzed by applying the Morisita index. Bryconops alburnoides ingested 12 items and B. caudomaculatus 10, with a 59% similarity between ingested items. Terrestrial insects for B. alburnoides and immature insects for B. caudomaculatus were the main items in their diets, and therefore, they were considered insectivorous. The seasonal composition of the diet of B. alburnoides was influenced by environmental factors, and in spite of the dominance of immature insects, it had a significant number of terrestrial insects during the heavy rainfall periods.
Introduction
The increasing demand for electric power generation since the 1960s has turned hydroelectric dams into a common component of the Brazilian landscape (Agostinho et al., 1992; Benedito-Cecilio & Agostinho, 2000) . In the Amazonian region this demand has increased mainly on account of its high potential for producing low cost hydroelectric power since it is the world's largest basin, draining an area of nearly 7.1 x 10 6 km 2 (Goulding et al., 2003) . The consequence of such enterprise is the marked modification of physical, chemical and biological attributes of the fluvial system, causing alterations in the composition and abundance of its original fish fauna (Agostinho et al., 1992) . The construction of a dam changes the original river from a lotic into a lentic environment, and very often from a fish community dominated by migratory species into one dominated by sedentary fish (Welcomme, 1979) . The species remaining in these new environments will be those showing better adaptive ability to the conditions brought about by the dam construction. Flexibility in feeding and reproduction are attributes common to many of the most abundant fish species found in reservoirs (Ferreira, 1984; Agostinho et al., 1999) .
The interaction of fish with their surrounding environment is reflected in the diet and provides major ecological and behavioral information, thus adding to the better understanding of the mechanisms which enable several species to coexist and exploit their resources from one and the same system (Goulding, 1980) .
Bryconops alburnoides Kner, 1858 and B. caudomaculatus (Günther, 1864) are the most abundant species in the Balbina Hydroelectric Dam (BHD) reservoir (E. J. G. Ferreira, unpublished data) , demonstrating the importance of these species in this environment.
To understand how B. alburnoides and B. caudomaculatus survived and adapted to the new environment created by the damming of the river, one of the initial steps is to know their diets. Thus, two questions can be established: (i) what are the predominant food resources maintaining the species in this environment? (ii) Is there seasonal variation in the diet of these species? This work sought to assess the feeding spectrum and main resources making up the diet of B. alburnoides and B. caudomaculatus within the area influenced by BHD.
Material and Methods
Study Area. Balbina Hydroelectric Dam is located on the Uatumã River, a tributary of the left bank of the Amazon River, between the Negro and Trombetas rivers. The Uatumã River drains a basin of nearly 70,600 km 2 and two distinct morphostructural zones: the Guyana Shield in its upper and midcourses and the Amazonian sedimentary basin in the lower course. It has been classified as a black-water river (Santos & Jegu, 1996) . The Uatumã basin is dominated by a dense tropical forest and countless streams. Balbina Hydroelectric Dam began to operate in 1989. Its reservoir covers an area of 2,360 km 2 (Fearnside, 1990) , and it was, on account of its huge flooded area, the world's fifth largest reservoir coming under operation at that time (Avakyan & Lakovleva, 1998) . The Uatumã Biological Reserve (REBIO do Uatumã), created in 1990 for the purpose of protecting representative samples of the ecosystems encompassing the basins of the Uatumã and Jatapu rivers, is on the left bank of the Balbina dam.
Sampling. Fish were collected at four sampling stations. Two in the lotic river section (station 1, Cachoeira Morena, 2º7'23.6" S and 59 19'49.3" W; station 2, downstream from the dam, 1º55'11.8" S and 59º28'19.0" W); and two in the reservoir (station 3, upstream from the dam, 1º54'23" S and 59º27'39.4" W; station 4, Base Waba, 1º31'19.5" S and 59º49'18.0" W, on the reservoir margin opposite to the REBIO).
Sampling was carried out every two months from April 2005 to February 2007 using gillnets with mesh sizes ranging from 12 to 60 mm between opposite knots. The nets remained set for 8 h, from 04:00 to 08:00 and from 16:00 to 20:00 h (periods when most fish are captured). This procedure was used to avoid the frequent attacks of dolphins and alligators on the netted fish, which destroyed the fishing nets.
Following their removal from gillnets, the fish were kept on ice and taken to the laboratory where they were identified, measured (standard length), weighed, and dissected for the removal of their stomachs. The stomachs were labelled and preserved in 70% alcohol. Voucher specimens were deposited at the Instituto National de Pesquisas da Amazônia fish collection (B. alburnoides, INPA 25511, and B. caudomaculatus, INPA 25506) .
Diet Analysis. Food items were grouped into twelve categories: adult aquatic insects (Coleoptera and Hemiptera); adult terrestrial insects (Isoptera, Hymenoptera, Orthoptera, Hemiptera and Diptera); immature aquatic insects (Ephemeroptera and Diptera larvae, pupae and nymphs); non-identified insect fragments; fish (scales, muscle, otoliths, fin-rays and whole fish); plants (plant debris, seeds, flowers, fruits and aquatic macrophytes); detritus (amorphous organic matter); microcrustaceans (copepods, cladocerans, ostracods and conchostracans); macroinvertebrates (arachnids and nematodes); bird fragments (Psittacidae feather and bone fragments); phytoplankton (Pleuroterium sp., Desmidium sp., Closterium sp., Triploceras sp. and Micrasterias sp.); and non-identified items.
Diet analysis was carried out in two ways: frequency of occurrence (Hyslop, 1980) and, for assessing the volume of each food item, the points method proposed by Hynes (1950 , modified by Soares 1979 , where a visual estimate of the relative volume is made of each stomach content item. Since we considered each stomach as having 100% total volume, these values were multiplied by the stomach fullness to correct the relative value. The stomach fullness (SF) was estimated through a visual volume assessment, for one of the following intervals: 0%, 10%, 25%, 50%, 75%, and 100%, according to Goulding et al. (1988) . Both methods were combined in the alimentary index (IAi) (Kawakami & Vazzoler, 1980) , with values ranging from 0 to 1 (1 > IAi > 0), described by the equation below:
where: i = food item ranging from 1 to n Fi = frequency of occurrence (%) of item i Vi = volume (%) of item i IAi values were later converted into percentages and designated IAi%. This index was used for determining the species trophic category.
To determine if there were any differences in the diets of B. caudomaculatus in the river and reservoir environments, we used the indices of Morisita's similarity (quantitative com-parisons) (Krebs, 1999) and Jaccard (presence-absence comparisons) (Magurran, 1988 (Matthews, 1986) , but for the Jaccard index, estimated values under 60% indicate a substantial difference in the availability of items (Rahel, 1990) . The feeding similarity between the species was determined by cluster analysis (Ludwig & Reynolds, 1988) , using the UPGMA method and Morisita distances, and the software PAST v. 1.66 (Hammer et al., 2001) .
Rainfall data were furnished by the Manaus Energia operating sector at Balbina Hydroelectric Plant.
Results
A total of 854 specimens of B. alburnoides (80 -140 mm) and 118 specimens of B. caudomaculatus (57 -120 mm) were captured. Bryconops alburnoides was collected in the reservoir only and 532 had food in their stomachs. Forty-two individuals of B. caudomaculatus captured in the river and 40 individuals captured in the reservoir were analyzed (Table 1) .
Both species were found to use a broad variety of food items; B. alburnoides ingested twelve different items and B. caudomaculatus, ten.
Despite the diversity of items consumed, terrestrial insects were most frequently found in the stomach contents of B. caudomaculatus, while immature aquatic stages were found in the stomach contents of B. alburnoides. However, the latter also showed a significant ingestion of terrestrial insects. Thereby, both species were trophically classified as insectivorous (Table 1) .
The dendrogram of the cluster analysis (Morisita distance) based on food items defined two groups. The first was represented by B. alburnoides and the second by B. caudomaculatus from both river and reservoir. These two groups are segregated due to B. alburnoides preferential ingestion of terrestrial insects and to B. caudomaculatus preferential ingestion of immature insects (Fig. 1) .
The diet of B. caudomaculatus showed no seasonal variation. Terrestrial insects were the main food item found throughout the study period (Fig. 2a) . The similarity indices were high (Morisita = 95%; Jaccard = 90%). Bryconops alburnoides showed seasonal variation in the ingestion of immature and terrestrial insects (Morisita = 59%; Jaccard = 37%). Immature insect stages were predominant in almost all months, but there were high terrestrial insect abundances in June 2005 and February 2006 which were directly related to the heavier rainfall at that time (Fig. 2b) . 
Discussion
The analyses of the diet of the Balbina fish community showed that, despite the great diversity of items consumed by the fish, which pointed to a flexible and opportunistic feeding, the species tended to have preferential items in their diet. Bryconops alburnoides had a preference for terrestrial insects and B. caudomaculatus for immature insects, and thus, the two species were classified as insectivores, which agrees with other studies of this genus.
The diet of B. giacopinii in Amazonian floodplain lakes was considered to be allochthonous invertivorous, where feeding was mainly on insects and spiders (Luiz Claro Jr., pess. com.). Abelha et al. (2001) also classified the species as invertivorous, having terrestrial insects as its main food. Mérona et al. (2001) , in analyzing the diet of B. alburnoides before and after the closure of the Tucurui dam, found that the species fed mainly on terrestrial invertebrates. According to Goulding (1980) , the dynamics between food availability and feeding spectrum of tropical fish is often influenced by the flood pulse. In dammed environments, as in the case of Balbina, the seasonal changes are little evident, and thereby, fish tend to be more specialist in these more stable environments, since the food resources they use are most likely to be available all year long (Lowe-McConnell, 1999) . Goulding et al. (1988) mention that insects are important in the diets of fish species in the Negro River, and Silva (2003) observed that immature forms of aquatic insects are important in the diet of stream fishes. In the Curuá-Una Reservoir (Curuá-Una River, Pará State), the main insects found among the stomach contents of fish were Ephemeroptera and Chaoboridae larvae. Ephemeroptera larvae, which live in submerged tree trunks that were very abundant in the reservoir, were the main food item of many fish species at this site (Ferreira, 1984) . According to Winemiller (1990) and ZavalaCamin (1996) , insects are more available during the high water period due to the flooding of marginal vegetation, and the action of winds and rain (Esteves & Aranha, 1999) , as seems to be the case at Balbina. Terrestrial insects, for example, falling from marginal trees down to the water, are important food resources in tropical rivers (Lowe-McConnell, 1999) . They are an essential food for fishes, especially in rivers of low productivity (Lowe-McConnell, 1999 , Goulding et al., 1988 such as black-water rivers, including the Uatumã River.
There was a direct relationship between rainfall and the presence of terrestrial insects in the diet of B. alburnoides. This relationship is probably due to the increased intensity of the wind in the rainy periods, favoring the entry of this item into the aquatic system. Bryconops alburnoides appears to have taken advantage of a resource that became abundant at this period. The action of wind and rain is reported by authors such as Mason & MacDonald (1983) for a stream in England; these authors ascertained that the input of terrestrial invertebrates was bimodal, the two peaks being associated with extreme climatic conditions such as storms and strong winds. Henry et al. (1994) also noted the importance of winds on the entrance of invertebrates in the aquatic system, and Uieda & Kikuchi (1995) reported the fall of a larger number of terrestrial invertebrates into the watercourse during the rainy season. Terrestrial invertebrates were abundant in the stomachs of B. caudomaculatus throughout the study period, both in river and reservoir environments. This food item appears to be the main source of energy supporting the B. caudomaculatus population at the site studied.
Rosseval Leite (pers. comm.) mentions the importance of terrestrial insects in the aquatic system at the time prior to the damming of the Uatumã River. According to his findings, the insects of the family Formicidae stood out as the mostly frequently consumed by the Uatumã River fishes. Eighteen years after the damming of the Uatumã River, insects continue being a highly important food resource in the community, especially the terrestrial forms and the immature stages, demonstrating their high availability in the environment (C. C. Silva, unpublished data). Food supply is, therefore, one of the determining factors in the establishment and success of fish in dammed rivers (Agostinho & Gomes, 1997) .
Insects were the main source of food for the two species of Bryconops, but the feeding strategies of the two species were different. Bryconops alburnoides showed greater flexibility in the strategies as the availability of the items varied. The occurrence of these species together in the same environment (reservoir) can indicate that food, although an important factor for the establishment of the community (Gerking, 1994) , is not a limiting factor for the species. The two species can forage in different levels of the water column (B. caudomaculatus more at the surface, feeding on terrestrial insects, and B. alburnoides on the immature insects attached to the benthos or on adult insects of allochthonous origin). This fact reveals that B. alburnoides can be classified into two different guilds, given the seasonal differences in its diet. Species can change their functional role within a community throughout their life cycle or during seasons of the year depending on the circumstances of the environment. For this reason, seasonal observations are fundamental in the study of fish diet, in order to avoid incorrect guild allocation, particularly in environments that suffered and still suffer drastic changes in physical and physical-chemical conditions, as in the case of hydroelectric dam reservoirs.
